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(57) ABSTRACT 

Embodiments of the present invention provide a method, 
apparatus and System for dynamically adjusting one or more 
performance-related parameters of a processor core based on 
at least one operation parameter related to an operating 
condition of the processor core. 
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METHOD, APPARATUS AND SYSTEM OF 
ADJUSTING ONE OR MORE 

PERFORMANCE-RELATED PARAMETERS OFA 
PROCESSOR 

BACKGROUND OF THE INVENTION 

0001. The temperature of a processor may be related to 
an activity factor of one or more circuits of the processor 
core, e.g., the higher the activity factor of the circuits the 
higher the temperature of the processor core. In order to 
ensure proper operation of the processor, all circuits of the 
processor core must be verified to be functional at the 
highest expected temperature (“the throttling temperature', 
denoted T.) of the processor core. 
0002 Conventional processors may be designed to oper 
ate at frequencies lower than or equal to a preset maximal 
frequency F (T) related to the throttling temperature, e.g., 
as long as the temperature of the processor core is lower than 
T. If the temperature of the processor core exceeds the 
throttling temperature, then the processor may “throttle', 
i.e., the frequency of the processor core may be reduced and, 
if necessary, the Voltage Supplied to the processor may be 
reduced, e.g., until the temperature of the processor is 
reduced to a value lower than T., at which point the 
frequency of the processor may be increased, e.g., back to 
F(T), and So on. 
0003. The performance of the processor core may also be 
affected by a droop of the Voltage Supplied to the processor, 
e.g., the maximal frequency of the processor core may be 
reduced as a result of the Voltage droop. In order to guar 
antee operation of the processor with an expected minimal 
Voltage, Veii, in conventional processors the operating 
frequency of the processor is predetermined to be not higher 
than a frequency, F(Veni), related to Veii. Conventional 
processors may include a plurality of decoupling capacitors 
asSociated with the processor core and/or to a package of the 
processor. These capacitors may reduce the affect of the 
Voltage droop on the processor. However, Such capacitors 
are relatively expensive. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004. The subject matter regarded as the invention is 
particularly pointed out and distinctly claimed in the con 
cluding portion of the Specification. The invention, however, 
both as to organization and method of operation, together 
with objects, features and advantages thereof, may best be 
understood by reference to the following detailed descrip 
tion when read with the accompanied drawings in which: 

0005 FIG. 1 is a schematic illustration of a computing 
platform including at least one processor according to Some 
exemplary embodiments of the invention; 
0006 FIG. 2 is a schematic illustration of a processor 
including a processor core and a control configuration 
according to one exemplary embodiment of the invention; 

0007 FIGS. 3a-3c are schematic illustrations of graphs 
depicting a temperature of the processor core of FIG. 2, a 
body bias Voltage applied to transistors of the processor core 
of FIG. 2, and a frequency of the processor core of FIG. 2, 
respectively, versus time, according to one exemplary 
embodiment of the invention; 
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0008 FIG. 4 is a schematic illustration of a processor 
including a processor core and a control configuration 
according to another exemplary embodiment of the inven 
tion; 
0009 FIGS. 5a-5c are schematic illustrations of graphs 
depicting a Supply Voltage of the processor core of FIG. 4, 
a body bias Voltage applied to transistors of the processor 
core of FIG. 4, and a frequency of the processor core of 
FIG. 4, respectively, versus time, according to another 
exemplary embodiment of the invention; and 
0010 FIG. 6 is a schematic illustration of a flow chart of 
a method of dynamically adjusting one or more perfor 
mance-related parameters of a processor core according to 
Some exemplary embodiments of the invention. 
0011. It will be appreciated that for simplicity and clarity 
of illustration, elements shown in the drawings have not 
necessarily been drawn accurately or to Scale. For example, 
the dimensions of Some of the elements may be exaggerated 
relative to other elements for clarity or Several physical 
components included in one functional block or element. 
Further, where considered appropriate, reference numerals 
may be repeated among the drawings to indicate correspond 
ing or analogous elements. Moreover, Some of the blockS 
depicted in the drawings may be combined into a single 
function. 

DETAILED DESCRIPTION OF EMBODIMENTS 
OF THE INVENTION 

0012. In the following detailed description, numerous 
Specific details are Set forth in order to provide a thorough 
understanding of the invention. However, it will be under 
stood by those of ordinary skill in the art that the present 
invention may be practiced without these specific details. In 
other instances, well-known methods, procedures, compo 
nents and circuits may not have been described in detail So 
as not to obscure the present invention. 
0013 Unless specifically stated otherwise, as apparent 
from the following discussions, it is appreciated that 
throughout the Specification discussions utilizing terms Such 
as “processing,”“computing,”“calculating,”“determining.” 
or the like, refer to the action and/or processes of a computer 
or computing System, or Similar electronic computing 
device, that manipulate and/or transform data represented as 
physical, Such as electronic, quantities within the computing 
System's registers and/or memories into other data Similarly 
represented as physical quantities within the computing 
System's memories, registers or other Such information 
Storage, transmission or display devices. In addition, the 
term "plurality” may be used throughout the Specification to 
describe two or more components, devices, elements, 
parameters and the like. 
0014) Reference is made to FIG. 1, which schematically 
illustrates a computing platform 100 including at least one 
processor 102 according to Some exemplary embodiments of 
the present invention. 
0015 According to some exemplary embodiments, pro 
ceSSor 102 may include, for example, a Central Processing 
Unit (CPU), a Digital Signal Processor (DSP), a micropro 
ceSSor, a host processor, a plurality of processors, a control 
ler, a chip, a microchip, or any other Suitable multi-purpose 
or Specific processor or controller. 
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0016. According to some exemplary embodiments of the 
invention, processor 102 may include a processor core 104 
and a control configuration 106 able to dynamically adjust 
one or more performance-related parameters of processor 
core 104 based on at least one operation parameter related to 
an operating condition of processor core 106, e.g., as 
described below. 

0.017. According to some exemplary embodiments of the 
invention, computing platform 100 may also include at least 
one input unit 132, at least one output unit 133, at least one 
memory unit 134, and/or at least one storage unit 135. 
Computing platform 100 may additionally include other 
Suitable hardware components and/or Software components. 
In some embodiments, computing platform 100 may include 
or may be, for example, a personal computer, a desktop 
computer, a mobile computer, a laptop computer, a notebook 
computer, a terminal, a WorkStation, a Server computer, a 
Personal Digital Assistant (PDA) device, a tablet computer, 
a network device, or other Suitable computing device. 
0.018. Input unit 132 may include, for example, a key 
board, a mouse, a touch-pad, or other Suitable pointing 
device or input device. Output unit 133 may include, for 
example, a Cathode Ray Tube (CRT) monitor, a Liquid 
Crystal Display (LCD) monitor, or other suitable monitor or 
display unit. 
0.019 Storage unit 135 may include, for example, a hard 
disk drive, a floppy disk drive, a Compact Disk (CD) drive, 
a CD-Recordable (CD-R) drive, or other suitable removable 
and/or fixed Storage unit. 
0020 Memory unit 134 may include, for example, a 
Random Access Memory (RAM), a Read Only Memory 
(ROM), a Dynamic RAM (DRAM), a Synchronous DRAM 
(SD-RAM), a Flash memory, a volatile memory, a non 
Volatile memory, a cache memory, a buffer, a short term 
memory unit, a long term memory unit, or other Suitable 
memory units or Storage units. 
0021 Reference is made to FIG. 2, which schematically 
illustrates a processor 200 according to one exemplary 
embodiment of the invention. Processor 200 may include a 
processor core 202 and a control configuration 204. 
Although the invention is not limited in this respect, pro 
cessor 200 may be used to perform the functionality of 
processor 102 of FIG. 1. 
0022. According to exemplary embodiments of the 
invention, processor core 202 may include one or more 
Arithmetic Logic Units (ALU) 220, caches 222, register files 
224 and/or any other Suitable hardware components, e.g., as 
known in the art. At least Some of the components of 
processor core 202 may include one or more transistors (not 
shown), e.g., N-channel metal-oxide-Semiconductor 
(NMOS) transistors and/or P-channel metal-oxide-semicon 
ductor (PMOS) transistors, as are known in the art. 
0023. According to some exemplary embodiments of the 
invention, control configuration 204 may be able to dynami 
cally adjust a frequency, F, of core 202, which may be 
defined, for example, as an internal clock frequency pro 
vided to core 202, and/or a voltage threshold, V, e.g., of one 
or more of the transistors of core 202, based on at least one 
operation-parameter related to an operating condition of 
core 202, e.g., as described in detail below. By dynamically 
adjusting the Voltage threshold V, configuration 204 may 
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be able to dynamically adjust, for example, a top frequency, 
FM, of core 202, which may be defined, for example, as a 
maximal and/or optimal frequency at which core 202 may be 
allowed to operate, as described below. 
0024. According to exemplary embodiments of the 
invention, processor core 202 may also include one or more 
Sensors 226 able to Sense the at least one operation-param 
eter at one or more parts of processor core 202. Sensors 226 
may be adapted to produce a signal, e.g., a digital Signal 239, 
corresponding to the measured operation-parameter of pro 
ceSSor core 202. According to Some exemplary embodi 
ments of the invention, different Sensors 226 may be asso 
ciated with different parts of processor core 202, for 
example, ALU 220, cache 222, register file 224 and/or any 
other part of processor core 202, e.g., as described below. 
0025. In the exemplary embodiments of FIG. 2, sensors 
226 may include one or more temperature Sensors able to 
Sense the temperature at one or more parts of processor core 
202. Sensors 226 may be adapted to produce signal 239 
corresponding to a measured temperature, T of processor 
core 202. According to Some exemplary embodiments of the 
invention, different Sensors 226 may be associated with 
different parts of processor core 202, for example, ALU 220, 
cache 222, register file 224 and/or any other part of proces 
Sor core 202. For example, Sensors 226 may be associated 
with one or more areas ("hot spots”) that are predisposed to 
heat up more than other areas on the average. Sensors 226 
may include any Suitable temperature Sensors, e.g., a multi 
trip-point temperature Sensor, i.e., a Sensor adapted to pro 
duce Signal 239 having a value corresponding to one of a 
plurality of temperature ranges, as is known in the art. For 
example, Signal 239 may have a first value, e.g., if TST1, a 
Second value, e.g., if T1-TST2, a third value, e.g., if 
T2<Ts T3, or a fourth value, e.g., if T3<T, wherein T1, T2, 
T3 and T4 may be predetermined values. 
0026. According to exemplary embodiments of the 
invention, control configuration 204 may include a control 
ler 206, a variable-frequency clocking module 208 and a 
threshold Voltage adjustment module 214, as are described 
in detail below. 

0027 According to exemplary embodiments of the 
invention, controller 206 may be adapted to control clocking 
module 214, and/or module 214 based on the measured one 
or more operation parameters, as described below. 
0028. According to exemplary embodiments of the 
invention, clocking module 208 may include any suitable 
variable-frequency clocking module able to provide proces 
Sor core 202 with an internal clock signal 210 of a frequency 
corresponding to a value of a control Signal 216, e.g., 
received from controller 206. For example, module 208 may 
include a multiplexer 241 and a plurality of Phase Locked 
Loops (PLLs), e.g., PLLS 242-245, each locked at a prede 
termined different frequency, as are known in the art. For 
example, each PLL may be set at a division ratio corre 
sponding to the respective predetermined frequency as is 
known in the art. At least some of PLLS 242-245 may 
receive an external clock signal 212, e.g., from an external 
clocking unit (not shown). Multiplexer 241 may be adapted 
to select an output of one of PLLS 242-245, such that the 
selected PLL output provides processor core 202 with inter 
nal clock Signal210 having a frequency corresponding to the 
value of control signal 216. For example, PLLS 242, 243, 
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244 and 245 may be locked at four predetermined frequen 
cies F, F, F, and F, respectively, and multiplexer 241 
may select the output of one of PLL 242, 243, 244 or 245 
based on the value of Signal 216. According to other 
embodiments of the invention, clocking unit 208 may 
include a single PLL. According to these embodiments, the 
operation of processor core 202 may be halted while the PLL 
is locked at a frequency corresponding to the value of Signal 
216, e.g., using a "SpeedStep” method or any other Suitable 
clocking frequency adjustment method known in the art. 

0029. According to exemplary embodiments of the 
invention, module 214 may include any Suitable module 
adapted to adjust threshold Voltage V of one or more of the 
transistors of processor core 202. For example, module 214 
may be adapted to apply to at least some of the NMOS 
and/or PMOS transistors of processor core 202 a body bias 
Voltage, i.e., a module 214 may apply a non-Zero Voltage 
between the body and the source of the transistors. For 
example, module 214 may include a PMOS Central Bias 
Generator (CBG) 261 able to receive a digital PMOS bias 
value from controller 206, e.g., via Signal 231, and to 
provide a corresponding analog PMOS bias Voltage value, 
V, to a first set of Local Bias Generators (LBG) 262. 
LBGS 262 may be adapted to provide the bias Voltage V 
to the body terminal of at least some PMOS transistors of 
processor core 202. Module 214 may also include a NMOS 
CBG 263 able to receive a digital NMOS bias value from 
controller 206, e.g., via Signal 232, and to provide a corre 
sponding analog NMOS bias Voltage value, VBN, to a 
second set of LBGs 264. LBGs 264 may be adapted to 
provide the bias Voltage VBN to the body terminal of at least 
Some NMOS transistors of processor core 202. Module 214 
may include any Suitable configuration, e.g., including any 
desired number and/or arrangement of CBGs 261 and 263 
and/or LBGs 262 and 264, e.g., as known in the art. For 
example, module 214 may include a body bias module as 
described in James Tschanz et al., “Dynamic-Sleep Transis 
tor and Body Bias for Active Leakage Power Control of 
Microprocessors”, ISSCC 2003/session 6/Low Power Digi 
tal Techniques/Paper 6.1, or in Siva Narendra et al., “1.1 V 
1 GHz Communications with On-Chip Body Bias in 150 nm. 
CMOS', ISSCC 2002/session 16/High Speed I/O/16.4. 

0030) A leakage power L of processor core 202, i.e., the 
power consumed by processor core 202 when processor core 
is at an idle State and receiving a Zero clocking Signal, and/or 
the top frequency FM of core 202 may be related to the 
threshold voltage V of the transistors of processor core 202. 
For example, the higher the threshold voltage V, the lower 
the top frequency FM and leakage power L of processor core 
202. The lower the threshold voltage V, the higher the top 
frequency FM and leakage power L of processor core 202. 
The threshold Voltage V may be adjusted, for example, by 
applying a body bias Voltage to at least Some of the tran 
Sistors of processor core. For example, V may be decreased 
by applying a Forward Body Bias (FBB) voltage, and 
increased by applying a Reverse Body Bias (RBB) voltage. 
Thus, according to exemplary embodiments of the inven 
tion, the frequency F and/or the top frequency FM of pro 
ceSSor core 202 may be dynamically controlled by adjusting 
the frequency of internal clock signal 210 and/or by adjust 
ing the body bias Voltage applied to processor core 202, e.g., 
as described herein. 
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0031. According to some exemplary embodiments of the 
invention, control configuration 204 may be able to dynami 
cally adjust the frequency F and/or the threshold Voltage V 
based on the measured temperature T of processor core 202, 
e.g., as described in detail below. 
0032. According to exemplary embodiments of the 
invention, controller 206 may be adapted to control clocking 
module 208, and/or module 214 based on the measured 
temperature T. e.g., as described below. 
0033 According to some exemplary embodiments of the 
invention, controller 206 may include a Look Up Table 
(LUT), e.g., a Read Only Memory (ROM) or a program 
mable LUT, adapted to provide signals 216, 231 and/or 232 
having predetermined values corresponding to the measured 
temperature T. e.g., according to a predetermined relation 
ship between a desired value of the frequency F and the 
values of the temperature T and/or the threshold voltage V. 
For example, although the invention is in no way limited in 
this respect, controller 206 may include a LUT correspond 
ing to at least part of the following values: 

TABLE 1. 

T Input Frequency VBN VBP 
(signal 239) (signal 216) (signal 232) (Signal 231) 

T is T1 F. VBN1 VBP1 
T1. & T s T2 F. VBN2 VBP2 
T2 & T s T3 F. VBN3 VBP3 
T3 . T F. VBN4 VBP4 

wherein the values T1-T3, F-Fi, VN-VN, and/or V 
V may be experimentally predetermined based on the 
Specific design of processor core 202. 

0034. It will be appreciated by those skilled in the art, that 
according to other embodiments of the invention, controller 
206 may include any other suitable hardware adapted to 
produce Signals 216, 231 and/or 232 according to the 
measured temperature T. 

0035) Reference is made to FIGS. 3a-3c, which sche 
matically illustrate graphs depicting the temperature T, the 
body bias Voltage applied to the transistors of processor core 
202, and the frequency of processor core 202, respectively, 
Versus time, according to an exemplary embodiment of the 
invention. 

0036) As illustrated in FIGS. 3a-3c, if the temperature of 
processor core 202 is lower than a predetermined tempera 
ture threshold value, e.g., a predetermined throttling tem 
perature T, then controller 216 may be able to control 
module 214 to apply FBB to processor core 202, e.g., in 
order to increase the top frequency FM, and/or to control 
clocking module 208 to increase the frequency of internal 
clocking input 210, e.g., as described above. This may result 
in an increase in the temperature T. If the temperature Tis 
higher than the temperature throttling value T, then con 
troller 216 may be able to control module 214 to apply RBB 
to processor core 202, and/or to control clocking module 208 
to decrease the frequency of internal clocking input 210, as 
described above. This may result in a decrease in the 
temperature T. Thus, control configuration 204 may dynami 
cally adjust the frequency F and/or the threshold Voltage V 
to maintain processor core 202 at a generally narrow range 



US 2006/0020838A1 

of temperature values, e.g., generally equal to T. Further 
more, processor core 202 may be operated at relatively high 
frequencies, e.g., including frequencies higher than a throt 
tling frequency F(T), i.e., a predetermined frequency cor 
responding to T. Thus, it will be appreciated by those 
skilled in the art that processor 200 may have improved 
performance in relation to conventional processors, which 
may operate at a constant maximal frequency, e.g., the 
frequency F(T), with relation to the temperature T, and/or 
may implement a throttling phase for reducing the tempera 
ture of the processor core. 

0037 Aspects of the invention are described herein in the 
context of an exemplary embodiment of a control configu 
ration, e.g., control configuration 204 being part of a pro 
ceSSor, e.g., processor 200. However, it will be appreciated 
by those skilled in the art that, according to other embodi 
ments of the invention, any other combination of integral or 
Separate units may also be used to provide the desired 
functionality; for example, one or more elements of the 
control configuration, e.g., controller 206, module 208 and/ 
or module 214, may be implemented Separately from the 
processor. 

0.038. Some exemplary embodiments of the invention are 
described above in relation to a control configuration, e.g., 
configuration 204, able to dynamically adjust the frequency 
F, and/or the threshold Voltage V, of one or more transistors 
of a processor core, e.g., processor core 202, based on a 
measured temperature T, of the processor core. However it 
will be appreciated by those skilled in the art that according 
to other embodiments of the invention the control configu 
ration may be able to dynamically adjust any one or more 
Suitable performance-related parameters of the processor 
core based on any one or more measured operation related 
parameters of the processor core, e.g., as described below. 

0039) Reference is made to FIG. 4, which schematically 
illustrates a processor 400 according to another exemplary 
embodiment of the invention. Processor 400 may include a 
processor core 402 and a control configuration 404. 
Although the invention is not limited in this respect, pro 
cessor 400 may be used to perform the functionality of 
processor 102 of FIG. 1. 
0040 According to some exemplary embodiments of the 
invention, control configuration 404 may be able to dynami 
cally adjust the frequency F and/or the threshold Voltage V 
of core 402 based on a measured voltage droop Vcca in 
the Voltage V, Supplied to processor core 402, e.g., as 
described in detail below. 

0041 According to exemplary embodiments of the 
invention, processor core 402 may include one or more 
Arithmetic Logic Units (ALU) 420, caches 422, register files 
424 and/or any other Suitable hardware components, e.g., as 
known in the art. At least Some of the components of 
processor core 402 may include one or more transistors (not 
shown), e.g., NMOS and/or PMOS transistors, as are known 
in the art. 

0042. According to exemplary embodiments of the 
invention, processor core 402 may include at least one 
Voltage droop Sensor, which may be associated with one or 
more parts of processor core 402. Sensor 426 may be 
adapted, for example, to provide a Signal 439 corresponding 
to the measured voltage droop Vcca, i.e., the difference 
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between the measured Voltage Vcc Supplied to processor 
core 402 and a nominal Supply Voltage Vcc Sensor 426 
may include any Suitable Voltage droop Sensor, as is known 
in the art. 

0043. According to exemplary embodiments of the 
invention, processor 400 may also include a controller 406, 
a variable-frequency clocking module 408, and a threshold 
voltage adjustment module 414. Controller 406 may be 
adapted to control module 414 and/or module 408 based on 
the measured voltage droop Vcca, as described in detail 
below. 

0044 According to exemplary embodiments of the 
invention, a FBB may be applied to processor core 402 to 
increase the top frequency FM, e.g., in order to maintain a 
desired operative level of processor core 402 during a 
voltage droop event. The value of FBB applied to processor 
core 402 may be related to the value of the measured voltage 
droop Vcca. For example, the higher the value of the 
measured voltage droop Vcca, the higher the value of the 
FBB applied to processor core 402. If substantially no 
voltage droop is measured, then a Zero Body Bias (ZBB) 
may be applied to processor core 402. 
0045 According to some exemplary embodiments of the 
invention, controller 406 may include a Look Up Table 
(LUT), e.g., a Read Only Memory (ROM) or a program 
mable LUT, adapted to provide signals 431 and/or 432 
having predetermined values corresponding to the measured 
voltage droop Vcca, e.g., according to a predetermined 
relationship between the values of the Voltage droop Vce, 
and the threshold Voltage V. For example, although the 
invention is in no way limited in this respect, the LUT of 
controller 406 may include at least part of the following 
values: 

TABLE 2 

Input VBP 
Veedroop Frequency VBN (Signal 
(signal 439) (signal 416) (signal 432) 431) 

Veedroop s Veedroop1 Fs VBNs VBPs 
Veedroop1 s Veedroop s Veedroop2 F. VBN6 VBP6 
Veedroop2 3. Veedroop s Veedroops F, VBN7 VBP7 
Veedroops 3. Veedroop Fs VBNs VBPs 

Wherein the Values Vccasi-Vccases, VBNS-VBNs, F5-Fs. 
and/or VEps-VEPs may be experimentally predetermined, 
e.g., based on the Specific design of processor core 402, Such 
that a desired frequency of the processor core may be 
maintained by applying the body bias values VEN and/or 
V, corresponding to the measured voltage droop value 
Veedroop 
0046. It will be appreciated by those skilled in the art, that 
according to other embodiments of the invention, controller 
406 may include any other suitable hardware adapted to 
produce Signals 431 and/or 432 according to the measured 
Voltage droop Vccas. 
0047. Some exemplary embodiments of the invention are 
described above in relation to a control configuration includ 
ing a controller able to control a variable-frequency clocking 
module, and a threshold Voltage adjustment module. How 
ever it will be appreciated by those skilled in the art that 
according to other embodiments of the invention, the control 
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configuration may include only one of the variable-fre 
quency clocking module and the threshold Voltage adjust 
ment module. For example, controller 406 may be adapted 
to control only clocking module 408, e.g., to reduce the 
frequency of clocking Signal 410 when a Voltage droop is 
measured. Alternatively, controller may be able to control 
only module 414, e.g., to apply a FBB to processor core 402 
when a Voltage droop is measured. 

0048 Reference is made to FIGS. 5a-5c, which sche 
matically illustrate graphs depicting the Supply Voltage Vcc, 
the body bias Voltage applied to transistors of processor core 
402, and the frequency F of processor core 402, respectively, 
Versus time, according to an exemplary embodiment of the 
invention, e.g., wherein the frequency F is Substantially 
constant and controller 406 is able to control the threshold 
voltage V. 

0049. As illustrated in FIGS. 5a-5c, controller 416 may 
control the value of the body bias applied to processor core 
402 based on the value of the measured voltage droop 
Vcca, e.g., in order to maintain processor core 402 at a 
desired frequency. For example, ZBB may be applied to 
processor core 402, e.g., if the Supply Voltage Vcc is higher 
than a first predetermined threshold Voltage value V. A 
first FBB value may be applied to processor core 402, e.g., 
if the Supply Voltage is lower than V and higher than a 
Second threshold Voltage value V-V. A Second FBB 
value, higher than the first FBB value, may be applied to 
processor core 402, e.g., if the Supply Voltage is lower than 
V. Thus, control configuration 404 may dynamically 
adjust the threshold Voltage of one or more of the transistors 
of processor core 420 to maintain processor core 402 at a 
relatively high frequency F, e.g., higher than a predeter 
mined constant threshold frequency F(V) correspond 
ing to a “worst case' voltage Supply value V. Thus, it 
will be appreciated by those skilled in the art that processor 
400 may have improved performance in relation to conven 
tional processors, which may operate at a constant, non 
ideal, frequency, e.g., the frequency F(Veii). 
0050. Some exemplary embodiments of the invention are 
described above in relation to a control configuration able to 
dynamically adjust the frequency F of a processor core 
and/or the threshold voltage V, of one or more transistors 
of the processor core based on one measured operation 
parameter of the processor core, for example, the tempera 
ture T of the processor core, e.g., as described above with 
reference to FIG. 2, or the Voltage droop, e.g., as described 
above with reference to FIG. 4. However it will be appre 
ciated by those skilled in the art that according to other 
embodiments of the invention the control configuration may 
be able to dynamically adjust any one or more Suitable 
performance-related parameters of the processor core based 
on any one or more measured operation parameters of the 
processor core, Separately or in combination. For example, 
the control configuration may be able to dynamically adjust 
the one or more performance related parameters based on a 
combination of the measured temperature, the measured 
Voltage droop and/or any other Suitable operation related 
parameter. 

0051 Reference is made to FIG. 6, which schematically 
illustrates a method of dynamically adjusting one or more 
performance-related parameters of a processor core accord 
ing to Some exemplary embodiments of the invention. 
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0052 AS indicated by block 602, the method may include 
measuring one or more operation parameters related to an 
operation condition of the processor core, e.g., as described 
above with reference to FIG. 2 and/or FIG. 4. 

0053 AS indicated by block 604, the method may also 
include dynamically adjusting one or more performance 
related parameters of the processor core based on one or 
more of the measured operation parameters, e.g., as 
described above with reference to FIG. 2 and/or FIG. 4. 

0054 AS indicated at block 606, dynamically adjusting 
one or more performance-related parameters may include 
adjusting a threshold Voltage of one or more transistors of 
the processor core, e.g., as described above with reference to 
FIG. 2 and/or FIG. 4. 

0055 As indicated at block 608, dynamically adjusting 
one or more performance-related parameters may addition 
ally or alternatively include adjusting a frequency of an 
internal clock signal provided to the processor core, e.g., as 
described above with reference to FIG. 2 and/or FIG. 4. 

0056 Embodiments of the present invention may be 
implemented by Software, by hardware, or by any combi 
nation of Software and/or hardware as may be Suitable for 
Specific applications or in accordance with Specific design 
requirements. Embodiments of the present invention may 
include units and Sub-units, which may be separate of each 
other or combined together, in whole or in part, and may be 
implemented using Specific, multi-purpose or general pro 
ceSSors, or devices as are known in the art. Some embodi 
ments of the present invention may include buffers, regis 
ters, Storage units and/or memory units, for temporary or 
long-term Storage of data and/or in order to facilitate the 
operation of a Specific embodiment. 
0057 While certain features of the invention have been 
illustrated and described herein, many modifications, Sub 
Stitutions, changes, and equivalents may occur to those of 
ordinary skill in the art. It is, therefore, to be understood that 
the appended claims are intended to cover all Such modifi 
cations and changes as fall within the true Spirit of the 
invention. 

What is claimed is: 
1. An apparatus comprising: 

a control configuration able to receive an input responsive 
to at least one operation parameter related to an oper 
ating condition of a processor core and, based on Said 
at least one parameter, to dynamically adjust one or 
more performance-related parameters of Said processor 
COC. 

2. The apparatus of claim 1, wherein Said one or more 
performance-related parameters comprise one or both of a 
frequency of Said processor core and a threshold Voltage of 
one or more transistors of Said processor core. 

3. The apparatus of claim 1, wherein Said at least one 
operation parameter comprises one or both of a temperature 
and a Voltage droop. 

4. The apparatus of claim 1, wherein Said control con 
figuration comprises: 

one or more parameter adjustment modules able to adjust 
Said one or more performance-related parameters, 
respectively; and 



US 2006/0020838A1 

a controller able to control Said one or more parameter 
adjustment modules to adjust Said one or more perfor 
mance-related parameters based on Said at least one 
operation parameter. 

5. The apparatus of claim 4, wherein Said one or more 
parameter adjustment modules comprise an internal clock 
ing module able to provide Said processor core with an 
internal clock signal having a desired frequency. 

6. The apparatus of claim 5, wherein Said clocking unit is 
able to adjust a division ratio between an external clock 
Signal and Said internal clock signal according a frequency 
control Signal received form Said controller. 

7. The apparatus of claim 4, wherein Said one or more 
parameter adjustment modules comprise a threshold Voltage 
module able to adjust a threshold Voltage of one or more 
transistors of Said processor core. 

8. The apparatus of claim 7, wherein said threshold 
Voltage module comprises a body bias module able to 
controllably apply a desired body bias Voltage to Said one or 
more transistors. 

9. The apparatus of claim 4, wherein said controller 
comprises a look-up-table able to provide Said one or more 
parameter adjustment modules with one or more control 
Signals, respectively, according to the value of Said at least 
one operation parameter. 

10. The apparatus of claim 1, wherein Said apparatus 
comprises one or more Sensors to measure Said at least one 
operation parameter. 

11. A method comprising: 
dynamically adjusting one or more performance-related 

parameters of a processor core based on at least one 
operation parameter related to an operating condition of 
Said processor core. 

12. The method of claim 11, wherein dynamically adjust 
ing comprises adjusting a frequency of an internal clock 
Signal provided to Said processor core. 

13. The method of claim 11, wherein dynamically adjust 
ing comprises adjusting a threshold Voltage of one or more 
transistors of Said processor core. 
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14. The method of claim 13, wherein adjusting said 
threshold Voltage value comprises applying a body bias 
Voltage to Said one or more transistors. 

15. The method of claim 11 comprising measuring Said at 
least one operation parameter. 

16. The method of claim 15, wherein measuring said at 
least one operation-parameter comprises measuring one or 
both of a temperature of Said processor core and a Voltage 
droop related to Said processor core. 

17. A computing platform comprising: 
a processor including a processor core and a control 

configuration able to receive an input responsive to at 
least one operation parameter related to an operating 
condition of Said processor core and, based on Said at 
least one parameter, to dynamically adjust one or more 
performance-related parameters of Said processor core. 

18. The computing platform of claim 17, wherein said one 
or more performance-related parameters comprise one or 
both of a frequency of Said processor core and a threshold 
Voltage of one or more transistors of Said processor core. 

19. The computing platform of claim 17, wherein said at 
least one operation parameter comprises one or both of a 
temperature and a Voltage droop. 

20. The computing platform of claim 17, wherein said 
control configuration comprises: 

one or more parameter adjustment modules able to adjust 
Said one or more performance-related parameters, 
respectively; and 

a controller able to control Said one or more parameter 
adjustment modules to adjust Said one or more perfor 
mance-related parameters based on Said at least one 
operation parameter. 

21. The computing platform of claim 20, wherein said 
controller comprises a look-up-table able to provide Said one 
or more parameter adjustment modules with one or more 
control Signals, respectively, according to the value of Said 
at least one operation parameter. 
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